Membrane vesicles are immunogenic facsimiles of Salmonella typhimurium that potently activate dendritic cells, prime B and T cell responses, and stimulate protective immunity in vivo.
Gram-negative bacteria produce membrane vesicles (MVs) from their outer membrane during growth, although the mechanism for MV production and the advantage that MVs provide for bacterial survival in vivo remain unknown. MVs function as an alternate secretion pathway for Gram-negative bacteria; therefore, MV production in vivo may be one method by which bacteria interact with eukaryotic cells. However, the interactions between MVs and cells of the innate and adaptive immune systems have not been studied extensively. In this study, we demonstrate that MVs from Salmonella typhimurium potently stimulated professional APCs in vitro. Similar to levels induced by bacterial cells, MV-stimulated macrophages and dendritic cells displayed increased surface expression of MHC-II and CD86 and enhanced production of the proinflammatory mediators NO, TNF-alpha, and IL-12. MV-mediated dendritic cell stimulation occurred by TLR4-dependent and -independent signals, indicating the stimulatory properties of Salmonella MVs, which contain LPS, do not strictly rely on signaling through TLR4. In addition to their strong proinflammatory properties, MVs contained Ags recognized by Salmonella-specific B cells and CD4(+) T cells; MV-vaccinated mice generated Salmonella-specific Ig and CD4(+) T cell responses in vivo and were significantly protected from infectious challenge with live Salmonella. Our findings demonstrate that MVs possess important inflammatory properties as well as B and T cell Ags known to influence the development of Salmonella-specific immunity to infection in vivo. Our findings also reveal MVs are a functional nonviable complex vaccine for Salmonella by their ability to prime protective B and T cell responses in vivo.